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Abstract Respiratory rates on the U. S. southeastern 
continental shelf have been estimated several times by 
different investigators, most recently by Jiang et al. 
(Biogeochemistry 98: 101-113, 2010) who report lower 
mean rates than were found in earlier work and attribute 
the differences to analytical error in all methods used in 
earlier studies. The differences are, instead, attributable 
to the differences in the geographical scope of the 
studies. The lower estimates of regional organic carbon 
flux of Jiang et al. (Biogeochemistry 98:101-1 13, 2010) 
are a consequence of their extrapolation of data from a 
small portion of the shelf to the entire South Atlantic 
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Bight. This comment examines the methodologies used 
as well as the variability of respiratory rates in this 
region over space and time. 
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Introduction 

The question of whether continental margins are net 
heterotrophic or autotrophic is important from the 
standpoint of global biogeochemical budgets (Liu et al. 
2010). The continental shelf of the southeastern U. S. has 
been the subject of repeated studies (Anderson et al. 
1956-1959; Atkinson et al. 1985; Pomeroy et al. 2000) 
but many questions about it remain unresolved. A recent 
study (Jiang et al. 2010) attempts to resolve a perceived 
carbon imbalance in the South Atlantic Bight (SAB) by 
estimating mean organic carbon flux over the region 
using newly presented pelagic community respiratory 
rates. This commentary suggests the requirements of an 
adequate model for estimating mean respiratory rate in 
the SAB and exa mi nes the results of Jiang et al. (2010) 
and previous studies in light of this goal. 

Spatial and temporal variability of shelf processes 

The southeastern U.S. continental shelf is a varied 
and dynamic region (Lee et al. 1991; Kourafalou 
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et al. 1996a, b). The SAB is approximately 1,200 km 
in length, 120 km in width at its widest point off 
Georgia, 50-75 m deep at the shelf break, and spans 
8.5° latitude. A number of rivers, from small coastal 
plain drainages with little net flow to large navigable 
rivers, contribute freshwater and terrestrially derived 
nutrients and organic matter. Subannual variations in 
atmospheric temperature, wind, and river flow create 
seasonally variable cross-shelf gradients in water 
temperature and salinity as well as seasonal stratifi- 
cation (Menzel 1993). The alternation between river 
plumes and tidally flushed lagoons creates alongshore 
variability in salinity and terrestrially derived sub- 
stances near shore. Sporadic intrusions of upwelled 
water from the shelf break also affect the temporal 
and spatial variability of physical conditions, nutrient 
availability, and primary production on the shelf 
(Menzel 1993). A semi-permanent gyre, formed as 
the Gulf Stream passes over the Charleston Bump at 
latitude 32° N, promotes upwelling that supports 
locally elevated rates of primary production. The 
circulation of the gyre creates an area to the north, off 
Cape Fear, where mean shoreward transport of fixed 
nitrogen across the shelf break is enhanced and 
another area to the south, between Savannah and 
Charleston, where offshore nitrate transport is max- 
imized (Jahnke and Blanton 2010). As a result of this 
physical regime, previous studies have found vari- 
ability in biological processes on different parts of the 
southeastern shelf (Bishop et al. 1980; Paffenhofer 
1985; Pomeroy et al. 2000). 

A model that seeks to estimate a material flux in a 
region over an annual or longer timescale must 
carefully consider both temporal and spatial averag- 
ing of data to ensure that seasonality, interannual 
variability, and spatial variability are adequately 
represented. Microbial respiration, a large component 
of the pelagic community respiration in the SAB 
(Griffith et al. 1990), is fundamentally a small-scale 
phenomenon dependent on local conditions including 
temperature and substrate availability (Wiebe et al. 
1993). In the case of the SAB, adequate sampling 
over time and space should include seasonal esti- 
mates of respiratory rate for locations that represent, 
at a minimum, the cross-shelf gradients in tempera- 
ture, salinity, and depth and the along-shelf gradients 
in organic matter input from rivers and marshes. 
Variability due to intrusions of upwelled water can 
only be accounted for by repeated sampling 


throughout the region, and this makes it difficult to 
estimate a regional long-term mean respiratory rate 
with any certainty. 

A previous study (Pomeroy et al. 2000) gathered 
respiratory rate measurements (including those from 
Griffith and Pomeroy 1995) that were collected 
across the shelf over a decade (1990-1999) and 
spanned nearly 6° of latitude, from Cape Canaveral, 
FL to Cape Fear, NC (Fig. 1). In contrast, Jiang et al. 
(2010, see their Fig. 1 and Fig. 1 here) measured 
microbial respiration over a 3-year period (June 
2003-May 2006) along three transects across the 
continental shelf off Georgia that spanned 70 km 
(approximately 0.5° latitude) on the landward side 
(Wassaw Sound to Doboy Sound) and converged at a 
single station near the shelf break. Thus, the area 
covered by Jiang et al. (2010) represents only about 
10% of the SAB and ends just north of the outflow of 
the Altamaha River, which delivers an average of 



Fig. 1 The South Atlantic Bight, from Cape Fear, NC to Cape 
Canaveral, FL. Symbols show the locations of respiratory rate 
measurements reported in Pomeroy et al. 2000 ( small 
triangles), including those of Griffith and Pomeroy (1995) 
(circles). The heavy triangular outline shows the area sampled 
by Jiang et al. (2010). The larger rivers emptying into this 
section of the Bight and depth contours on the continental shelf 
are labeled for geographical reference 
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Table 1 Comparison of 
seasonal mean community 
respiratory rates 


Jiang et al. 2010 

Pomeroy et al. 2000 

Locations 

(Pomeroy et al. 2000) 

(mmole m~~ 3 cG 1 ) measured by 
Jiang et al. (2010) and 
Pomeroy et al. (2000) in the 
continental shelf off northern 

Inner shelf 
Winter 

2.9 

1.8 

5.4 

St. Catherines Sea Buoy 
Ogeechee/Ossabaw estuary 

Georgia, USA 

Summer 

15.5 

10.1 

Wassaw Sea Buoy 




17.7 

Ogeechee/Ossabaw estuary 


Mid-shelf 





Winter 

1.3 

2.5 



Outer shelf 





Winter 

0.8 

7.5 

Gulf Stream 


Summer 

1.8 

<0.1 

Shelf break 


400 m 3 s -1 freshwater to the shelf. Since the mean 
flow on the inner shelf is generally southward 
(Menzel 1993), it is likely that the samples of Jiang 
et al. (2010) do not include the area influenced by the 
largest river outflow on the Georgia coast. 

Jiang et al. (2010, see their Table 2) report mean 
respiratory rates that are lower than those reported in 
all earlier studies. In light of the differences in 
physical and temporal scope between this and the 
earlier studies, it is not surprising that different mean 
respiratory rates were found. The study by Jiang et al. 
(2010) can be viewed as a later investigation of a 
subset of the region studied by Pomeroy et al. (2000, 
including earlier works referenced therein). In this 
context, the rates reported by Jiang et al. (2010) may 
be compared with the earlier results (Pomeroy et al. 
2000, see their Tables 1 and 4) from this sub-region 
(Table 1). On the inner shelf, the winter and summer 
mean respiratory rates reported by Jiang et al. (2010) 
are between the rates measured at two locations in 
each season by Pomeroy et al. (2000). On the mid- 
shelf, winter rates are comparable. Outer shelf rates 
differed between the two studies, although the 
stations used here from Pomeroy et al. (2000) are 
on the far eastern edge of the shelf. In winter, the 
higher rate was measured by Pomeroy et al. (2000), 
and in summer, the higher rate was measured by 
Jiang et al. (2010). Thus mean respiratory rates 
measured by the two groups in the same general area 
were comparable, in spite of the fact that they were 
measured years apart. The differences in overall 
mean respiratory rates reported in the two studies are 
therefore likely due, at least in part, to the larger area 


covered by Pomeroy et al. (2000) (including Griffith 
and Pomeroy 1995). 

Estimates of total primary production for the 
southeastern shelf are approximately 46-50 Tg C y -1 
from in situ estimates (Menzel 1993; Jahnke et al. 
2000) or from satellite data (Longhurst et al. 1995). 
These estimates are net in the sense that they include 
respiration, so gross primary production should be 
substantially larger. Thus, the respiratory rate of 45 Tg 
C y ~ 1 computed by Jiang et al. (20 1 0) would suggest an 
autotrophic shelf, rather than the balance that they 
propose. This contrasts with the generalization of 
Smith and Mackenzie (1987) that continental shelves, 
except those on western continental margins having 
coastal upwellings, are heterotrophic. As Pomeroy 
et al. (2000) documented, the southeastern shelf lacks 
the high secondary productivity that would be expected 
of a net autotrophic shelf. 

The calculations of Jiang et al. (2010) are based on 
the assumption that respiratory rates in their closely- 
spaced transects of surface samples can be extrapo- 
lated in three dimensions. The analysis above 
suggests that their samples are not representative of 
much of the area included in their model. Further- 
more, they extrapolate their surface measurements to 
depth, in spite of demonstrated seasonal stratification 
in the area that they did sample. This same research 
group has examined pC0 2 in the SAB and found that 
the shelf off Wassaw Sound is not representative of 
the SAB as a whole in that regard. Earlier studies (Cai 
et al. 2003; Wang et al. 2005) based on a single 
transect off Wassaw Sound led to the conclusion that 
the SAB is a net source of C0 2 to the atmosphere, but 
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a later study (Jiang et al. 2008) that included transects 
from Cape Lookout, NC to Cape Canaveral, FL 
concluded that overall, the SAB is a net sink for 
atmospheric C0 2 on an annual basis. Chen and 
Borges (2009) point out several examples, including 
this one, where limited vs. more complete studies of a 
shelf region led to opposite conclusions about the 
region’s status as a source or sink of C0 2 . 

A study of planktonic community respiration in 
the East China Sea that covered over 6° of latitude 
south of the Changjiang River outflow and from the 
nearshore zone to the shelf break found that summer 
community respiration varied over 1-2 orders of 
magnitude spatially, with areas of highest respiration 
varying temporally as well (Chen et al. 2009). The 
mean outflow of the Changjiang River is about 75 
times that of each of the largest rivers entering the 
SAB, so the relative influences of riverine inputs and 
Kuroshio upwelling intrusions may be different from 
the situation in the SAB, but this study highlights the 
spatial and temporal variability in community respi- 
ration that may be found in subtropical continental 
shelves. 


Measurement of respiratory rates 

There were also differences in the methods used to 
measure microbial respiration in the two SAB 
studies, and Jiang et al. (2010) speculated that these 
differences were the primary cause of the disparities 
in overall mean respiratory rates. Their assertions 
about earlier methodologies are examined below. 

Jiang et al. (2010) referred to a criticism of oxygen 
consumption by IC1 electrodes (McKinnon et al. 
2007) to suggest that the electrode-based measure- 
ments of respiratory rate by Griffith et al. (1990) and 
Griffith and Pomeroy (1995) were too high. Griffith 
used Nester electrodes, which had an oxygen con- 
sumption rate of <10~ 4 pmol 0 2 h _ . As shown in 
Fig. 4 of Griffith (1988), this had a negligible effect 
on respiratory rates measured for 1-2 h. The use of 
Nester electrodes was discontinued because they 
were no longer available commercially, not because 
they did not perform well. More recently, Garcfa- 
Martfn et al. (2010) have reported success with 
Unisense oxygen microelectrodes with similarly low 
oxygen consumption rates. 


Jiang et al. (2010) also criticized the use of dry 
incubators for temperature control in later studies that 
measured oxygen consumption in bottles using 
precision Winkler titration (Pomeroy et al. 2000), 
asserting that neck-drying of BOD bottles can lead to 
errors in oxygen measurement. The study cited for 
this (Labasque et al. 2004) was actually questioning 
dry storage of fixed samples for >1 day, not recom- 
mending short-term incubation conditions. Neverthe- 
less, introduction of air bubbles during dry incubation 
must be avoided. The earlier measurements of 
Pomeroy et al. (2000) used dissolved oxygen (DO) 
bottles with the fluted tops filled with water, which is 
the conventional procedure for preventing bubble 
formation. Later measurements in this same study 
used 125 ml borosilicate glass, screw-cap bottles 
having a conical plastic cap liner that expressed water 
from the bottle as it was closed. Bubbles never 
occurred in either type of bottle. 

Temperature control during incubations is impor- 
tant in order to maintain the conditions at the time of 
sampling. The dry incubators used by Pomeroy et al. 
(2000) allowed for precise temperature control. 
Temperature in the incubators was monitored with a 
remote-reading thermometer, and extra control bot- 
tles were checked with a thermometer to further 
verify a constant and correct temperature in the 
bottles. Use of more than one incubator was impor- 
tant when incubating onshore and offshore samples 
from very different in situ temperatures concurrently. 
Studies that use flowing seawater bath incubators on 
deck (Jiang et al. 2010) run the risk of changing 
temperatures during the incubation, especially in 
winter when sea temperatures (and presumably bath 
temperatures) can vary as much as 10°C along a 
cross-shelf transect. No evidence was given by Jiang 
et al. (2010) regarding temperature control during 
deck incubations. If the ship was underway crossing 
the shelf during incubations, then presumably bath 
temperatures were not held constant. 

It is desirable to measure respiratory rates over the 
shortest possible time in order to avoid changing 
sample conditions during the measurement, either 
through oxygen consumption by electrodes or by 
community changes associated with confinement of 
the sample in a bottle. The electrode-based measure- 
ments of Griffith et al. (1990) and Griffith and 
Pomeroy (1995) employed a computer program that 
calculated respiratory rates continuously in real time 
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from thousands of DO measurements (Griffith 1988). 
Each small water sample was incubated for the 
briefest duration needed to obtain statistically signif- 
icant rates, typically 45-90 min and at most 2 h. 
Samples were maintained at the same temperature 
observed at the depth from which they were col- 
lected. The 12-h incubations and precision Winkler 
titrations used by Pomeroy et al. (2000) followed 
methods described earlier (Pomeroy et al. 1994) that 
documented no growth of microbial films in bottles 
and linear oxygen uptake for at least 12 h. Further 
precision was assured by using five replicates for both 
initial and final measurements (Pomeroy et al. 2000). 
In contrast, Jiang et al. (2010) used fewer bottles 
(three per time point) and incubated them for 24 h. 
Their claim that 12-h incubations may have suffered 
from nonlinear DO decreases while their 24-h 
incubations did not is counter to the conventional 
wisdom that bottle effects increase over time, an idea 
supported by a detailed study of the time course of 
changes in respiration during bottle incubations 
(Pomeroy et al. 1994). A recent study that compared 
the Winkler and microelectrode methods using time- 
course dark incubations reiterated that the results 
from the two methods are statistically comparable 
and that community respiratory rates were generally 
stable over periods ranging from 6 to 24 h for 
samples taken in the Ria de Vigo (Spain) during late 
summer through winter (Garcia-Martin et al. 2010). 

Jiang et al. (2010) also maintain that the use of 
larger bottles (300 ml) was an improvement over the 
smaller bottles (125 ml) used in earlier studies 
(Pomeroy et al. 2000). Two recent studies have 
examined the alleged volumetric bottle effect on 
microbial growth (Hammes et al. 2010) and plankton 
community respiration (Garcia-Martin et al. 2010) 
and found none. 

Jiang et al. (2010) raise the issue of possible 
peroxide production and thus the need for killed 
controls. Having on one occasion found net oxygen 
production in the dark in samples from Wassaw 
Sound, Georgia (LRP unpublished data), using killed 
controls in addition to time-zero measurements would 
have been a more conservative approach. However, 
this does not seem to be a general problem affecting 
respiratory rate measurements in the SAB, because 
Jiang et al. (2010) themselves found no differences in 
DO concentrations between time-zero measurements 
and incubated killed controls. 


Conclusions 

It was neither necessary nor appropriate to suggest 
that methods used in earlier studies were faulty and 
led to differences in measured respiratory rates (Jiang 
et al. 2010). In fact, the temperature control during 
winter measurements by Jiang et al. (2010) is 
questionable owing to the use of flowing seawater 
incubators. It is likely that the lower estimate of SAB 
mean respiratory rate by Jiang et al. (2010) is instead 
a consequence of extrapolation of surface measure- 
ments taken on a small portion of the shelf. While 
their measurements of respiratory rate were compa- 
rable to those found previously in the same small 
area, the earlier study of broader scope (Pomeroy 
et al. 2000) reported higher overall rates for the 
region. This indicates that the area studied by Jiang 
et al. (2010) is not representative of the whole, and 
the extrapolation of their data to represent the entire 
SAB resulted in a severe underestimation of the mean 
organic carbon flux over the region. 
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